A European intercomparison of free-field hydrophore calibrations in the frequency range 10-315 kHz is described. A total of 12 participants from 7 European countries took part by calibrating three reference hydrophores, with project coordination provided by the National Physical Laboratory, UK. The agreement between the results was generally encouraging, with a majority of the results lying within *
INTRODUCTION AND OVERVIEW
[ntercomparisons between different laboratories are an important way of validating calibration methods and indicating where improvements are required. Such exercises help to harmonise standards across national boundaries and often lead to the discovery of previously unknown sources of error. In this paper, results are described of a European intercomparison of free-field hydrophore calibrations in the frequency range 10-315 kHz (1). A total of 12 participants from 7 European countries took part by calibrating three reference hydrophores, with project coordination provided by the National Physical Laboratory, UK. The exercise was organised as two round-robin intercomparisons with two separate sets of three hydrophores used (Set A and Set B), and with NPL calibrating both sets and a third set kept as a control. Each set contained a Brtiel & Kj&r 8104, BrOel & Kjar 8103 and a Reson TC4034 hydrophore. The participants were asked to undertake a free-field calibration of the hydrophores at thirdoctave frequencies in the frequency range 10-315 kHz by a method of their choice. The methods employed were either calibration by three-fiansducer spherical-wave reciprocity or by comparison with a calibrated reference hydrophore. Two participants used open-water facilities, but most participants used laboratory tank facilities,. 
RESULTS AND DISCUSSION
In order to relate the results of Set A to those of Set B, use was made of the results of NPL since NPL calibrated both sets of hydrophores. Firstly, the difference of the results of each participant from those of NPL was taken and then the two sets of results were combined to form one set containing all 12 participants. An Overall Grand Mean was then calculated from the data for all 12 participants without any weighting applied to individual results, and then this mean was subtracted from the individual results to provide a difference from the mean. This approach is valid since the NPL systematic uncertainty is the same for both the results in Set A and B, and the NPL random uncertainty is considerably less than the uncertainty on the grand means calculated for each set separately. This method also has the advantage that since all 12 participants are used in the calculation of the Overall Grand Mean, it is less sensitive to outlying points than are the means for each set.
The agreement between the results was reasonably encouraging, with a majority of the results lying within *I dB of the Overall Grand Means. However, some large variations were observed which give cause for concern, and the uncertainties in the calibrations were typically under-estimated by the participants with the maximum differences from the Overall Grand Means almost invariably exceeding the quoted overall uncertainties. In fact many participants had difficulty in assessing their uncertainties. Figure I presents a summary of the results, showing the RMS differences from the Overall Grand Mean for each participant averaged over all three hydrophores. This gives an indication of the typical variation in the participants' results. A general trend can be seen of increasing variation with frequency, which is probably due to the fact that the hydrophore responses become more directional as the frequency increases. Other influences on the calibration include the way the devices were mounted, the wetting procedure used, and lack of acoustic far-field conditions. This latter effect influenced the results of participant G who undertook calibrations at a separation distance of only 0.2 m. Most participants using laboratory tanks performed calibrations at water temperatures of between 17.5 and 24.5°C. However, some participants (for example, those using open-water facilities) had little or no control over the water temperature, leading to one participant undertaking calibrations at 5°C. This is believed to have particularly affected the results of the Btiel & Kj@r 8103 at 250 kHz where the hydrophore exhibits a length mode resonance sensitive to temperature.
